Abstract: This work presents an alternative way of exhaust gas recirculation (EGR) systems implementation in the turbocharged compression ignition engines. This sort of EGR has been studied as well as the most commonly used EGR system, where the intake and the exhaust manifolds are directly connected with a hose. However, in authors opinion the setup described in this paper has not been investigated enough, as most of the research papers concentrate on a conventional configuration modeling and control design. A problem of overcoming a positive scavenging pressure drop and delivering high amount of EGR is addressed in this article. It comes from the fact that in this kind of engines the exhaust pressure is lower than the intake, making it difficult to deliver high and stable portion of EGR over the engine operating range. A generic mean value engine model is developed in this work and an initial simple control structure is proposed.
INTRODUCTION
The emission reduction problem has become important during past several decades due to a significant growth of transportation sector. It is, therefore, crucial for manufacturers to produce engines that can meet strict emission regulation requirements. Internal combustion engines used in cars are sources of pollution gases, among which the following are known to be harmful: hydrocarbons, carbon dioxide (CO 2 ) and monoxide (CO), nitrogen oxides (N O x ) and particulate matter (PM) (see Reifarth [2010] ).
This work describes one way of reducing N O x emission formation, which is called an exhaust gas recirculation (EGR) system and was introduced in 1970's. Since N O x is formed at high temperatures, the basic idea was to reroute part of the engine exhaust gases back to the intake manifold to lower the combustion temperature inside the cylinders. The methodology turned out to be quite efficient and the variety of configurations was suggested by R&D companies to improve EGR performance.
Modeling and control of a charged intake combustion engines equipped with a conventional EGR system is presented by many papers, for example Wang et al. [2011] , Kolmanovsky et al. [1997] , Jankovic et al. [1998] , Wahlstrom and Eriksson [2011] , Jung et al. [2002] . The required amount of EGR in this system is delivered by simply connecting intake and exhaust manifolds with a hose.
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The amount of EGR is regulated with a valve incorporated in that hose. Unlike normally aspirated engines, in these engines pressure in the exhaust manifold is lower than in the intake, which does not let them to operate with a high EGR fraction without additional control valves, such as the intake throttle, which is used to temporarily lower the pressure in the intake manifold. This, however, can result in a performance drop or in fuel consumption increase. Grondin et al. [2009] describe an EGR system composed of two loops: conventional (which is called a high pressure EGR (HPEGR) in the article) and a low pressure (LP). In a LP loop exhaust gas is taken from the downstream of variable geometry turbocharger (VGT) and fed back to the intake compressor upstream. Although double loop EGR looks promising, it requires a complicated control system, due to the presence of the five control inputs (intake and exhaust throttles, two EGR valves and VGT). Another approach is presented by Haber [2010] , where a two-stage turbocharger is incorporated in a LP-loop to increase the compression level in the intake. This paper presents a different configuration of the EGR system from the those in the above described papers. Similar kind of system was found among patents. A problem of a positive scavenging pressure drop is addressed there.
The proposed configuration is very close to the one described in patent by Shao et al. [2001] , with a difference that an electrically or crankshaft driven compressor in the EGR path is used in the patent, which is advantageous CONFIDENTIAL. Limited circulation. For review only.
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